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Quantum condensation of an interacting boson gas is formulated with the help of the method of the quasi-expectation value 1 . A convenient version of this method was given recently by the author 2 .
It essentially leads to the introduction of new building blocks into a diagramatic perturbation expansion. These new elements disappear again if, in the end of the calculation, the quasi-expectation value is obtained by a limiting procedure. But they may still leave a trace. This is quantum condensation.
In Ref. 2 it was also shown that quantum con- In Sec. 1, the author's version of the method of the quasi-expectation value is formulated in real space (instead of momentum space) and in this way becomes applicable to finite systems with physical boundary conditions. For a more detailled presentation the reader is referred to Ref. 2 . The non-existence of quantum condensation in finite systems is then shown in Section 2. Quantum condensation in the literal sense can, therefore, at most occur in infinite systems, i.e., in the thermodynamic limit.
This result is not surprising from a mathematical point of view since representations of the canonical commutation relations, which are not equivalent to the Fock representation, do not exist for finite systems 3 .
Quantum condensation does still not occur if the thermodynamic limit is made with respect to one or two space dimensions only. This is shown in The author hopes to extend the considerations of this paper to the interacting fermion gas at a later occasion.
Quasi-Expectation Value and Quantum Condensation
The system under discussion is a gas of identical bosons contained in a finite volume. 
where (jl is the chemical potential and m the particle mass. The integral is extended over the volume of the system. 
= -v(r-r')
(1.7) and (solid) particle lines
=G0(r,r';iz). (1.8)
Here, the free-particle Green's function, Go (r, r'; iz), 
No Quantum Condensation in Finite Systems
Normal and anomalous one-particle propagator, G(r, r'; iz) and F(r, r'; iz), may be defined by
• exp[iz(r' -r)] + £*(r) £*(r').
The variables r and r' are restricted to the interval between zero and ß, where ß is the reciprocal absolute temperature with Boltzmann's constant put equal to one. 
14). Actually it is J Z(r, r'; 0) f (r') d 3 r' = J [Z(r, r'; 0) £(r') -A (r, r';0)£* (r')] d 3 r'. (2.5)
The proof is simple. -Z is the sum over all those diagrams contributing to -Z in which the particle line is not interrupted (Figure 2 a) . In the remaining contributions to -Z, the ingoing particle line ends in a stump (Fig. 2 b) . The single stump may be replaced by a double stump if infinitely many diagrams of an appropriate type are summed. Multiplication of this diagram by £(r') and integration with respect to r'
[as in Eq. (2.5)] means, that a double stump is added to the ingoing line. If then the other double stump is removed, a contribution to -A (Fig. 3c) is obtained*.
* The proof of an analogous relation (HUGENHOLTZ-PINES) given in Ref. 2 was incorrect since single stumps were not summed up to give double stumps. The procedure presented in Ref. 2 does not in all cases lead to irreducible contributions to -A.
After insertion of Eq. (2.5) into Eq. (1.14) we obtain
[-(1/2m) A -fi] £(r) + S [2T(r, r'; 0) £(r') -A (r, r'; 0) £* (r')] d3r' = Vo £o (r). (2.6)
For £O(r) = 0 this equation is equivalent to a relation given by HUGENHOLTZ and PINES 6 
Thermodynamic Limit and Dimensionality
Throughout this section the variable z shall be put equal to zero. In this case the operator entering into with the boundary condition that un(r) and vn(r) vanish on the surface. The eigenvalue, ).n, is a real quantity. The orthonormality relation may be written as
J[<(r) un'(r) + v'jr) vn'(r)] &r
The completeness relations are then given by n(r)un{r') = i(r-r')=^Ä(r) v*n{r'), n n 2».(r)<(r')= 0 =2«»(r )<(r'). where JV is a normalization factor. The sums in Eqs. (3.4) do not exist in this case. The result obtained at the end of the preceding section is in this way proved more explicitly.
The thermodynamic limit shall now be performed with respect to one space dimension. The bosons are enclosed in a cylindrical volume as shown in Fig. 3 . In order to simplify the analysis we postulate periodic boundary conditions on the plane surfaces perpendicular to the mantle lines (z axis) and vanishing eigenfunctions and propagators on the mantle. Finally, the length, L, of the cylinder shall go to infinity.
t Fig. 3 . Boson gas confined to a cylindrical volume. When \ )
X. ' the one-dimensional thermodynamic limit is performed the .
-V cylinder length, L, approaches infinity. 
The normal and anomalous self-energy parts are functions of x, x', y, y', and z -z' so that both z and z' disappear if the z' integration is carried out. The same is true for the second Eq. (3.1).
Both £o( r ) and £(r) may be expected to be functions of x and y only so that it is p = 0 for these func- [Eq. (3.5) in a slightly different notation], the only remaining problem will be whether or not the integration converges at p = 0 also for n = 0.
For a reflexionally invariant interaction the system is invariant under reflexions through a plane perpendicular to the z axis. The self-energy parts do, therefore, not depend upon the sign of z -z'. In this way it is seen from Eq. (3.7) with the help of perturbation theory that it is
The p integrals in Eq. (3.8) do, therefore, not converge for n -0. The same result is obtained if the thermodynamic limit is performed with respect to two space dimensions. Eq. (3.10) is in this case most easily obtained from rotational invariance. The p integrals may, however, converge, if the thermodynamic limit is performed with respect to all three space dimensions.
That quantum condensation of the interacting boson gas does not occur in strictly one and two-dimensional systems was shown earlier by HOHENBERG 4 .
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Introduction
In two short notes cited as 1 1 (m\V{x)\n)= X (iy)» + " ! " } (1.5)
